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osting by EAbstract Pilot scale experiments were carried out to examine the effect of the pre-treatment meth-
ods on the performance of MBR. The PURON MBR module was used in this study. In order to
investigate the effect of pre-treatment on the behaviour of membrane, samples were withdrawn at
different locations in Berghausen WWTP. During the ﬁrst period samples have been collected
directly from the main source as raw sewage to determine its main characteristics. During the sec-
ond period samples have been screened with screening 1 mm ﬁlter material to prevent debris from
damaging the membrane. During the third phase samples have been taken after the primary settling
tank to have the beneﬁts of ﬁltering out unwanted trash, removing scum and ﬂoating debris. The
study showed that the membrane bio-reactor ﬁlters out nearly all solids, the pre-treatment has a
positive effect on the MBR performance, and the pre-sedimentation is more effective than ﬁne
screening. Moreover, aeration is considered as one of the intrinsic parameters in both hydraulic
and biological process performances because of its ability to maintain solids in suspension, scours
the membrane surface, limits fouling, and provide oxygen to the biomass, which results in a better
biodegradability.
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lsevier1. Introduction
With the current focus on water reuse and the role playing in
the water cycle, the search for cost competitive advanced
wastewater treatment technologies has never before been so
important. Egypt in particular has a need to develop new strat-
egies for water management and to move towards water reuse,
where such projects are viewed to be ﬁnancially viable.
Membrane is deﬁned as a thin ﬁlm separating two phases
and acting as a selector barrier to the transport of matter.
Thus, through the membrane operation a feed stream is
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membrane) 2-A Retentate (containing the non-permeating spe-
cies [3].
1.1. Membrane bioreactor (MBR)
The membrane bioreactor is an activated sludge process cou-
pled with membrane ﬁltration instead of the settling process
for liquid–solid separation. Because of the membrane ﬁltra-
tion, the suspended solids are completely removed from the
treated water to the extent that the efﬂuent contains no bacte-
ria in microﬁltration or no virus in nanoﬁltration (Ahn et al.,
1998; Cote et al., 1997; Yamamoto et al., 1989).
This very compact arrangement produces a MF/UF quality
efﬂuent that is suitable for reuse applications. Depending upon
the membrane nominal pore size, the virus removal can conse-
quently be attained by providing a barrier to certain chlorine
resistant pathogens as GIARDIA ([3], Chapman S. CH2M Hill
Australia 2001).
1.2. Aim of the study
The present study discusses the performance of the membrane
bioreactor (MBR), which, in recent, is widely used for the mu-
nicipal and industrial wastewater treatment and the effect of
the pre-treatment on its performance. Main variable parame-
ters as COD- pH - DO - MLSS - SVI - TKN – PO4-P -Vacuum
and ﬂux obtained are accurately monitored and recorded.2. Materials and methods
2.1. Lab-scale submerged membrane bioreactor
A cylindrical lab scale reactor of 25 cm diameter and 55 cm
height with open top has been installed in the laboratory
(IWG, Chair of Institute of Aquatic Environment, Karlsruhe,
Germany). The capacity of the reactor is 25 l, in which a
PURON membrane module is submerged. The reactor is
fed with wastewater from a 50 l polyethylene feeding tank
via a dosing pump with feeding rate varies from zero to
100 mL/min. For generating permeate, ﬁltration is induced
by the vacuum pump. Thus, the transmembrane pressure
(TMP) of the membrane is monitored as a negative value
ranging from 20 to 50 kPa. The system is aerated by diffused
air. The HRT of the bioreactor is 6 h while the SRT was
8 days. Fig. 1 illustrates the schematic diagram of the
bioreactor.Figure 1 Schematic diagram2.2. Membrane
A PURON module from Koch Membrane Systems, used in
this study, demonstrates a single header design with hollow ﬁ-
bers that are ﬁxed only at the bottom and can move freely
along their entire length. The top ends of the ﬁbers are sealed.
Bundles of hollow ﬁbers, mounted vertically in modules, are
submerged into the activated sludge. By applying a slight neg-
ative pressure on the inside of the ﬁber, water is drawn under
vacuum through the ﬁber wall from the outside to the inside.
Hence, all ﬁltered substances remain on the outside. The mem-
brane is made of polyethersulfon with the effective ﬁltration
area of 0.17 m2.The nominal pore size is 0.05 lm and the
length of ﬁber is 24 cm. The membrane module is fully im-
mersed and symmetrically placed in the reactor.
The use of a single header design ﬁxing the ﬁbers at the bot-
tom of the module and allowing them to ﬂoat freely at the top
is an advanced feature which eliminates a problem often found
with other hollow ﬁber membrane modules utilizing a dual
header design; the accumulation of ﬁbers, hair and other
stringy debris at the top of the module. The PURON ﬁber
is cast on an internal reinforcing braid, providing high
mechanical strength and membrane integrity. In addition to
the free ﬂoating ﬁber tip, the PURON module employs a un-
ique air scour nozzle, delivering air in the center of the mem-
brane ﬁber bundle to effectively shake and scour the entire
ﬁber length. The advanced air scour nozzle design minimizes
power consumption by delivering air efﬁciently in a cyclical
fashion while eliminating sludging.
2.3. Air diffusion
In a submerged MBR, Cross-Flow Velocity (CFV) is created
by aeration, which not only provides oxygen to biomass,
resulting in a better biodegradability and synthesis of the cells,
but also, maintains the solid in suspension and controls the
membrane fouling by hydraulic shear force and agitation.
The air-induced cross-ﬂow can efﬁciently remove or at least re-
duce the fouling layer on the membrane surface [2]. The rate of
air diffusion in this research was 15 l/h.
2.4. Start up
The reactor has been seeded with an activated sludge from the
plant of Berghausen WWTP for two weeks. The sludge is con-
tinuously aerated by diffused air. The concentration of the dis-
solved oxygen in the reactor was 8.60 mg/L at the ambient
temperature (25 C).of the experimental set-up.
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To study the effect of pre-treatment on the performance of the
membrane, the investigations have been split into three peri-
ods. Samples are withdrawn at different locations in Berghau-
sen WWTP. The ﬁrst samples were withdrawn directly from
the main source as raw sewage to determine the main charac-
teristics of the raw sewage. The second samples were taken
after the ﬁne screening with 1 mm ﬁlter material to prevent
debris from damaging the membrane. Although the primary
clariﬁcation can be reduced in an MBR, the last sample was
withdrawn after the primary settling tank to have the beneﬁts
of ﬁltering out some unwanted trash, and removing scum and
ﬂoating debris [12,13].
2.6. Analytical methods
Analysis of MLSS, TSS, TKN, COD, DO, Ptot and NO3–N for
the inﬂuent and efﬂuent was conducted using the procedures
described in standard methods. These parameters were moni-
tored and recorded continuously [1].
2.7. Experimental evaluation of membrane fouling
The Flux is the quantity of material passing through the unit
area of membrane per unit time m3/m2/h (LMH) and is occa-
sionally referred to as the permeate velocity m/h. The driving
force for the process may be a transmembrane pressure gra-
dient. Since the ﬂux and driving force are interrelated, either
one can be ﬁxed [5]. In order to observe membrane fouling;
the driving force was ﬁxed according to the required vacuum
by membrane manufacturer at the range between 20 and
50 kPa.
3. Results and discussion
Berghausen wastewater treatment plant treats about 3000 m3/d.
The primary treatment contains screens, aerated grit chamberTable 1 Results of raw sewage analysis at ambient temper-
ature (25 C).
Parameter Average value
pH 8.2
D.O 2.00 mg/L
SS 216 mg/L
CODtot 560 mg/L
TKN 56.5 mg/L
NO3-N 1.4 mg/L
PO4-P 8.5 mg/L
Conductivity 1390 lS/cm
Table 2 The main characteristics of the inﬂuent and efﬂuent in Ber
Parameter Raw sewage Afte
pH 8.2 7
S.S. (mg/l) 216 100
COD (mg/l) 560 313
TKN (mg/l) 56.7 50
PO4-P (mg/l) 8.5 5and primary settling tank. The biological treatment consists of
two activated sludge basins and ﬁnal sedimentation tank. To
start up, the reactor was seeded by an activated sludge which
is withdrawn from the return sludge tank. The MLSS was
3008 mg/l and the SVI was 100 g/mL.
Before studying the effect of the pre-treatment on the per-
formance of the membrane, raw sewage samples were with-
drawn and analysed. The main characteristics of the raw
sewage are determined and tabulated in Table 1.
The raw sewage has a ratio of C:N:P of approximately
100:10:1.50 so there is a surplus of nitrogen and phosphorus.
Dissolved oxygen concentration indicates that the inﬂuent is
in aerobic conditions.
To investigate the performance of the MBR as compared to
the activated sludge system, a comparison between the charac-
teristics of the efﬂuents of the membrane bioreactor and acti-
vated sludge system in Berghausen WWTP should be carried
out.
For two months (April and May 2010) a complete analysis
of the inﬂuent and the efﬂuent was carried out in Berghausen
WWTP. Table 2 summarises the main characteristics of the
inﬂuent and efﬂuent in Berghausen wastewater treatment
plant. The given values are the mean values during the two
months of measurements (Berghausen WWTP administration).
The obtained results of the efﬂuent indicate that the perfor-
mance of the activated sludge system is going well and the re-
sults are complying with the stringent environmental laws in
Germany.3.1. Effect of pre-treatment on the performance of the membrane
bioreactor
As mentioned above, the aim of this study is to investigate the
effect of the pre-treatment on the performance of the mem-
brane. Fine screening and pre-settling are proposed as the
methods of pre-treatment.
Fine screening screening must be in place to remove larger
materials, but most waste products can be decomposed with
the right bacterial composition. Efﬂuent water is almost free
of solids and larger particles. The raw sewage was screened
via stainless steel screen meshs 1 and 2 mm size. Although a
1 mm screen is standard, a ﬁner screen is required for some
types of hollow ﬁber membrane modules. On the other hand,
a coarser screen will sufﬁce for some ﬂat sheet membrane mod-
ules [11].
Pre- settling tank Berghausen WWTP contains a primary
settling tank with a volume of 326 m3. It removes approxi-
mately 40% COD, 30% PO4-P, 15% TKN and 60% SS.
The MBR is fed with the pre-settled wastewater from the efﬂu-
ent of the primary sedimentation tank.ghausen WWTP.
r primary treatment After biological treatment
.82 7.48
28
33.6
.1 11.65
.85 0.67
Table 3 The main characteristics of the inﬂuent and efﬂuent during the application of MBR.
Parameter Raw sewage After ﬁne screening (1) After primary settling (2) Membrane eﬄuent
(1) (2)
pH 8.2 8.16 7.82 7.45 7.37
S.S. (mg/l) 216 180 100 3.00 1.00
COD (mg/l) 560 510 313 21.40 19.00
TKN (mg/l) 56.70 54.20 50.1 9.00 6.50
PO4-P (mg/l) 8.50 8.20 5.85 1.00 0.60
200 M.A.E. MoustafaThree sets of the experimental work are carried out. The
ﬁrst and second sets are to study the performance of the
MBR for the ﬁne screened inﬂuent while the third set studies
the performance of the MBR for the pre-settled inﬂuent. Each
set of experiments and analysis was carried out for 10 days.
The average of the measured values are recorded and tabu-
lated. Table 3 summarises the main characteristics of the inﬂu-
ent and efﬂuent during the application of MBR in the
laboratory after the pre-treatment.
The obtained results indicate that there is no signiﬁcant dif-
ference between the obtained results using 1 and 2 mm ﬁne
screening. The pre-settling has a higher effect than the ﬁne
screening on the performance of the MBR. This seems to beFigure 2a COD concentration in the efﬂuent of A.S & MBR.
Figure 2b TKN concentration in the efﬂuent of A.S & MBR.
Figure 2c PO4-P concentration in the efﬂuent of A.S & MBR.
Figure 2d SS concentration in the efﬂuent of A.S & MBR.
Figure 3a Relation between time and ﬂux for the screened
wastewater.
Figure 3b Relation between time and ﬂux for the pre-settled
wastewater.
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primary settling tanks due to the HRT.
3.2. Comparison between the efﬂuent of the activated sludge in
Berghausen WWTP and the efﬂuent of the membrane bioreactor
Fig. 2 shows the proﬁles of COD, TKN, PO4-P and S.S. in the
efﬂuent of the activated sludge system and membrane bioreac-
tor. As a consequence, the comparison between the activated
sludge system and membrane bioreactor is established. It can
be seen that the difference between the characteristics of the
efﬂuent resulting from activated sludge treatment in Berghau-
sen WWTP and the efﬂuent resulting from membrane bioreac-
tor is not signiﬁcant with the exception of the suspended solids
concentration. The Suspended solids concentration in the
efﬂuent of MBR was in the range between 1 and 3 mg/l while
in the activated sludge system it was between 10 and 18 mg/l.
N.B These ﬁgures are depicted only using the membrane re-
sults from the pre-settled wastewater.
The obtained results of the two pre-treatment methods in
the MBR system meet the requirements of the stringent envi-
ronmental legislations for reuse.
Since the membrane acts as a barrier to biosolids and
microorganisms, the efﬂuent quality is much better than that
produced by a conventional plant. Also, the membrane barrier
eliminates the secondary clariﬁer and allows the activated
sludge to be more highly concentrated. This reduces the capac-
ity needed for biological tanks, saving space and money.
3.3. Trans-membrane pressure (TMP) and membrane ﬂux
Relations between time and ﬂux during themicroﬁltration are rep-
resented in Fig. 3 As ﬁltration time increased, at TMP in the range
of 20–50 kPa, a very slight decrease in ﬂux could be observed in
some runs. Starting with a TMP of 20 kPa as stated by manufac-
turer, the efﬂuent was accumulated for a time of 60 min. Fig. 3a
shows the recorded ﬂux values for ﬁne screened inﬂuent while
Fig. 3b shows the recorded ﬂux values for the pre-settled inﬂuent.
In theentire experimentalperiod,membraneﬂuxdecreased slightly
with elapsed timedue to fouling.The increase inpollutants concen-
tration led to an obvious decrease in ﬂux values reaching a mini-
mum of 15 l/m2/h at time of 10 min for the screened wastewater
and 22 l/m2/h for the pre-settled wastewater.
The obtained values of ﬂux show that the PURON mem-
brane gave a high and stable ﬂux. This can be explained bythe PURON module employing a unique air scour nozzle,
delivering air in the center of the membrane ﬁber bundle to
effectively shake the membrane ﬁbers and scour the entire ﬁber
length. In summary, over all performance of the membrane de-
creased with time. Both an increase in TMP or a decrease of
ﬂux when changing the inﬂuent concentrations indicate the
beginning of membrane fouling [4,6–10].
4. Conclusion
This study aims at investigating of the effect of the pre-treat-
ment on the performance of the membrane biological reactor
for two months. A PURON module from Koch Membrane
Systems was used in this study. The obtained results reveal that
the pre-sedimentation is more effective than the ﬁne screening,
in this case study, as a pre-treatment method. Additionally the
membrane Bio-reactor ﬁlters out nearly all solids and satisﬁes
the environmental requirements of reuse The PURON mod-
ule employs a unique air scour nozzle, delivering air in the cen-
ter of each membrane ﬁber bundle to effectively shake the
membrane and scour the entire ﬁber length. The advanced
air scour nozzle design minimizes power consumption by deliv-
ering air efﬁciently in a cyclical fashion while eliminating slud-
ging. Moreover, aeration maintains solids in suspension,
controls the membrane fouling by hydraulic shear force and
agitation and provides oxygen to the biomass, leading to a bet-
ter biodegradability and synthesis of the cell.Acknowledgements
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